Design of long circulating nontoxic dendritic polymers for the removal of iron in vivo.
Patients requiring chronic red blood cell (RBC) transfusions for inherited or acquired anemias are at risk of developing transfusional iron overload, which may impact negatively on organ function and survival. Current iron chelators are suboptimal due to the inconvenient mode of administration and/or side effects. Herein, we report a strategy to engineer low molecular weight iron chelators with long circulation lifetime for the removal of excess iron in vivo using a multifunctional dendritic nanopolymer scaffold. Desferoxamine (DFO) was conjugated to hyperbranched polyglycerol (HPG) and the plasma half-life (t1/2) in mice is defined by the structural features of the scaffold. There was a 484 fold increase in t1/2 between the DFO (5 min) versus the HPG-DFO (44 h). In an iron overloaded mouse model, efficient iron excretion by HPG-DFO in the urine and feces was demonstrated (p = 0.0002 and 0.003, respectively) as was a reduction in liver, heart, kidney, and pancreas iron content, and plasma ferritin level (p = 0.003, 0.001, 0.001, 0.001, and 0.003, respectively) compared to DFO. Conjugates showed no apparent toxicity in several analyses including body weight, serum lactate dehydrogenase level, necropsy analysis, and by histopathological examination of organs. These findings were supported by in vitro biocompatibility analyses, including blood coagulation, platelet activation, complement activation, red blood cell aggregation, hemolysis, and cell viability. This nanopolymer-based chelating system would potentially benefit patients suffering from transfusional iron overload.